Three-dimensional (3D) printing is one of the fastest growing technologies in medicine and is revolutionizing the way we practice. Currently, 3D printing is used to create detailed anatomical models for teaching and to allow clinicians to plan and rehearse complicated surgical procedures. It is beginning to be used to create customized prosthetics, low-cost medical devices, surgical tools, and implants and to test pharmaceutical drugs. The promise of creating living tissues is just being realized; tissue scaffolds can be 3D printed, on which cellular tissue can be implanted and then used to promote cellular growth, remodeling, and regeneration of bone and cartilage. 1, 2 In the recent years, there has been an increase in hospitalbased 3D printing facilities producing medical models. Imagine an ink jet printer that, rather than spraying out ink in the shape of letters, sprays out solid material like plastic or metal in the shape of a tooth, femur, or a joint prosthesis. A traditional printer receives a document to print, while 3D printers take their commands from an magnetic resonance imaging (MRI), computed tomography (CT) scan, or fused data sets from multiple modalities of a body part and produce an object, layer by layer, from the ground up. The time required to print the models and cost of the material and 3D printers are considered most important limitations of this technology.
Three-dimensional (3D) printing is one of the fastest growing technologies in medicine and is revolutionizing the way we practice. Currently, 3D printing is used to create detailed anatomical models for teaching and to allow clinicians to plan and rehearse complicated surgical procedures. It is beginning to be used to create customized prosthetics, low-cost medical devices, surgical tools, and implants and to test pharmaceutical drugs. The promise of creating living tissues is just being realized; tissue scaffolds can be 3D printed, on which cellular tissue can be implanted and then used to promote cellular growth, remodeling, and regeneration of bone and cartilage. 1, 2 In the recent years, there has been an increase in hospitalbased 3D printing facilities producing medical models. Imagine an ink jet printer that, rather than spraying out ink in the shape of letters, sprays out solid material like plastic or metal in the shape of a tooth, femur, or a joint prosthesis. A traditional printer receives a document to print, while 3D printers take their commands from an magnetic resonance imaging (MRI), computed tomography (CT) scan, or fused data sets from multiple modalities of a body part and produce an object, layer by layer, from the ground up. The time required to print the models and cost of the material and 3D printers are considered most important limitations of this technology.
Three-dimensional models enhance physician-patient communication toward obtaining informed consent for potentially complex treatments or procedures. Traditionally, patient education is conducted by medical professionals with the aid of CT or MRI images. However, these images can be challenging for patients and family members to understand, a difficulty which can be alleviated with handheld 3D printed models. 3 In medical education, 3D models enhance traditional teaching through the addition of a supplemental visual component which assists in the understanding of complex spatial orientations. A randomized control trial concluded that students taught anatomy using 3D printed skull models scored significantly higher compared with students taught using cadaveric skulls and an anatomic atlas. Three-dimensional models are durable and cost-effective and avoid health and safety issues associated with wet fixed cadaver specimens and plastic models. 4 Due to ease of reproducibility with 3D printing, there are no issues of availability as with cadaveric specimens, especially with respect to delineating anatomic variants, congenital malformations, or rare pathologies. Furthermore, cadaveric specimens are limited in study of movement, while 3D patient-specific models can be custom generated with movable parts replicating normal anatomy and hence are excellent complementary tools to study biomechanics. 4 Three-dimensional printed models can give surgeons an unprecedented level of reassurance, confidence, and clarity in complex surgeries and have resulted in reduction of intraoperative time. A recent study published in the Journal of Children's Orthopedics concluded that ''3D models may decrease surgical time (by 45 minutes) and fluoroscopy time (by 25%) while allowing for similar deformity correction.'' 4(p147) Reduced intraoperative time can lead to less exposure to ionizing radiation, better utilization of resources, and is advantageous as longer operative times have been linked to worse outcomes. 4 Simulated rehearsal of complex surgical steps on 3D models may decrease intraoperative complications. 4 Current musculoskeletal applications of 3D printing in presurgical planning include presurgical planning for sarcoma resection, joint repair and replacement, surgical correction of congenital musculoskeletal deformities, and surgical management of osseous trauma. 1, 4, 5 Three-dimensional models are being used to plan osteotomies; the preplanning measurements consider the angulation and tilt required to obtain a precise osteotomy cut resulting in improved restoration of anatomic alignment and function. 4, 5 Three-dimensional modeling can help create patientspecific instruments/implants (PSIs) which can be used for intraoperative guidance to improve surgical precision and outcome. Current 3D printing software can help design a perfectly fitting cutting device and implant which fits into the defect and helps to restore anatomy and function. Patient-specific instruments/implants have been shown to simplify complex surgical procedures, help making smaller incision size, improve precision of resection, and decrease intraoperative blood loss and overall operating time. 6, 7 Other surgical applications include creation of osteotomy guides and patient-specific arthroplasty.
However, the role of PSI in routine joint arthroplasty is debatable. While some studies have shown improved alignment and reduction in intraoperative time using a custom device, other studies have reported no significant added benefit when compared to standard commercially available components. 7 But custom arthroplasty has been proven to be useful in joint replacement when there is unconventional anatomy and in patients with significant loss of bone stock after tumor resection. Customized hardware in such patients optimizes fixation biomechanics, thereby increasing stability resulting in decrease in complications such as hardware failure, implant subsidence, and fracture. 7 Three-dimensional printed customized casts and splints can help treat fractures by accurately reducing and stabilizing the fixation due to its strong antirotation and antibending abilities that prevent shear and rotational forces. The patient-specific casts tend to be superior to traditional casts as they minimize distortion, are well ventilated, and are extremely light weight. 8 In conclusion, 3D printing technology is already demonstrating an early positive impact on healthcare. The models and PSIs can provide excellent educational value to patients, family members, and health-care professionals, improve surgical precision, and may one day be the standard of care for custom joint replacements.
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